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1.  ADSORPTION  OF  AMMONIA  ON  CARBONS 

Ammonia  adsorption  was  studied  under  dynamic  conditions,  at  room 
temperature,  on  activated  carbons  of  different  origins  (coal-based,  wood-based  and 
coconut  shell-based  carbons)  before  and  after  their  impregnation  with  various 
inorganic  compounds  including  metal  chlorides,  metal  oxides  and  polycations.  The 
role  of  humidity  was  evaluated  by  running  tests  in  both  dry  and  moist  conditions. 
Adsorbents  were  analyzed  before  and  after  exposure  to  ammonia  by  thermal 
analyses,  sorption  of  nitrogen,  potentiometric  titration,  X-ray  diffraction  and  FTIR 
spectroscopy.  Results  of  breakthrough  tests  show  significant  differences  in  terms  of 
adsorption  capacity  depending  on  the  parent  carbon,  the  impregnates  and  the 
experimental  conditions.  It  is  found  that  surface  chemistry  governs  ammonia 
adsorption  on  the  impregnated  carbons.  More  precisely,  it  was  demonstrated  that  a 
proper  combination  of  the  surface  pH,  the  strength,  type  and  amount  of  functional 
groups  present  on  the  adsorbents’  surface  is  a  key  point  in  ammonia  uptake.  Water 
can  have  either  positive  or  negative  effects  on  the  performance  of  adsorbents.  It  can 
enhance  NH3  adsorption  capacity  since  it  favors  ammonia  dissolution  and  thus 
enables  reaction  between  ammonium  ions  and  carboxylic  groups  from  the  carbons’ 
surface.  On  the  other  hand,  water  reduces  the  performance  from  the  strength  of 
adsorption  standpoint.  It  promotes  dissolution  of  ammonia  and  that  ammonia  is 
first  removed  from  the  system  when  the  adsorbent  bed  is  purged  with  air. 
Ammonia,  besides  adsorption  by  van  der  Waals  forces  and  dissolution  in  water,  is 
also  retained  on  the  surface  via  reactive  mechanisms  such  as  acid-base  reactions 
(Brpnsted  and  Lewis)  or  complexation.  Depending  on  the  materials  used  and  the 
experimental  conditions,  6  to  47%  ammonia  adsorbed  is  strongly  retained  on  the 
surface  even  when  the  bed  is  purged  with  air. 


Two  carbons  with  different  contents  of  sulfur  were  prepared  and  oxidized  either  by 
heating  in  air  or  by  chemical  treatment.  The  materials  were  then  tested  as  adsorbents  of 
ammonia  in  dynamic  conditions,  at  room  temperature.  Their  chemical  and  structural 
features  were  analyzed  by  energy  dispersive  X-ray  spectroscopy,  X-ray  photoelectron 
spectroscopy,  X-ray  fluorescence  spectroscopy,  scanning  electron  microscopy, 
thermogravimetric  analyses,  potentiometric  titration  and  sorption  of  nitrogen.  It  was 
found  that  not  only  oxygen-containing  groups  but  also  sulfur-containing  groups  enhance 
ammonia  adsorption.  In  particular,  sulfonic  groups  play  a  predominant  role.  In  the 
presence  of  superoxide  anions,  they  are  converted  into  sulfates  that  react  with  ammonia 
to  form  ammonium  sulfates.  These  salts  are  strongly  retained  in  the  micropores  of  the 
adsorbents. 


2.  ADSORPTION  OF  AMMONIA  ON  GO 


Graphite  oxide  was  synthesized  from  three  commercial  graphites.  The  samples  were  used 
as  adsorbents  of  ammonia  at  dry  and  wet  conditions.  Exceptionally  high  capacities 
reaching  10  wt%  were  measured.  The  initial  and  exhausted  materials  were  characterized 
using  adsorption  of  nitrogen,  XRD,  FTIR,  TA,  and  potentiometric  titration.  The  results 
showed  differences  in  the  texture  and  chemistry  of  adsorbents  depending  on  the  type  of 
graphite  precursor  whose  features  determine  the  mechanism  of  ammonia  adsorption.  The 
strongly  adsorbed  species  are  either  interacting  with  carboxylic  groups  to  form  salts,  or 
with  epoxy  groups  to  form  amines.  A  small  amount  of  ammonia  is  weakly  adsorbed  via 
dispersive  interactions  or  dissolved  in  the  film  of  adsorbed  water.  As  the  concentration 
of  amorphous  carbon  in  the  initial  graphite  increases,  the  ammonia  removal  capacity  on 
the  derived  graphite  oxide  is  improved. 


Graphite  oxide  (GO)  was  synthesized  using  two  different  methods:  one  with  sulfuric  acid 
as  part  of  the  oxidizing  mixture  (Hummers-Offeman  method),  and  another  one  without 
the  sulfur-containing  compound  involved  in  the  oxidation  process  (Brodie  method).  They 
were  both  tested  for  ammonia  adsorption  in  dynamic  conditions,  at  ambient  temperature, 
and  characterized  before  and  after  exposure  to  ammonia  by  X-ray  diffraction  (XRD), 
Fourier-transform  infrared  (FTIR)  spectroscopy,  potentiometric  titration,  energy- 
dispersive  X-ray  (EDX)  spectroscopy,  X-ray  photoelectron  spectroscopy  (XPS)  and 
elemental  analysis.  Analyses  of  the  initial  materials  showed  that  besides  epoxy,  hydroxyl 
and  carboxylic  groups,  a  significant  amount  of  sulfur  is  incorporated  as  sulfonic  group  for 
GO  prepared  by  the  Hummers-Offeman  method.  The  process  of  ammonia  adsorption 
seems  to  be  strongly  related  to  the  type  of  GO.  For  GO  prepared  by  the  Brodie  method, 
ammonia  is  mainly  retained  via  intercalation  in  the  interlayer  space  of  GO  and  by 
reaction  with  the  carboxylic  groups  present  at  the  edges  of  the  graphene  layers.  On  the 
contrary,  when  GO  prepared  by  the  Hummers  method  is  used,  ways  of  retention  are 
different:  not  only  does  the  intercalation  of  ammonia  is  observed  but  also  its  reaction  with 
the  epoxy,  carboxylic  and  sulfonic  groups  present.  In  particular,  during  the  ammonia 
adsorption  process,  sulfonic  groups  are  converted  to  sulfates  in  presence  of  superoxide 
anions  O2"  .  These  sulfates  can  then  react  with  ammonia  to  form  ammonium  sulfates.  For 
both  GOs,  an  incorporation  of  a  significant  part  of  the  ammonia  adsorbed  as  amines  in 
their  structure  is  observed  as  a  result  of  reactive  adsorption. 


Graphite  oxide  synthesized  using  Brodie  method  was  tested  for  ammonia  adsorption  after 
two  different  levels  of  drying  in  dynamic  conditions  at  the  ambient  temperature.  Surface 
characterization  before  and  after  an  exposure  to  ammonia  was  done  using  X-ray 
diffraction  (XRD),  Fourier-transform  infrared  (FTIR)  spectroscopy  and  potentiometric 
titration.  On  the  surface  of  the  initial  materials,  besides  epoxy,  hydroxyl  and  carboxylic 
groups,  various  amounts  of  water  within  the  interlayer  space  are  present.  The  results 
showed  that  ammonia  is  intercalated  within  the  interlayer  space  of  graphite  oxides.  Water 
enhances  the  amount  of  ammonia  adsorbed  via  the  dissolution  and  promotes  the 
dissociation  of  surface  functional  groups.  This  enhances  formation  of  ammonium  ions. 
On  the  other  hand,  water  screens  the  accessibility  of  epoxy  and  -COOH  groups  for 
reactions  with  ammonia  and  thus  limits  the  amount  adsorbed.  The  retention  of  ammonia 
on  a  partially  dried  graphite  oxide  is  enhanced  not  only  owing  to  those  reactions  but  also 


due  to  the  formation  of  new  adsorption  centers  as  a  result  of  an  incorporation  of 
ammonia  to  the  graphene  layers. 


Graphite  oxides  (GO)  synthesized  using  Brodie  and  Hummers  methods  were  tested  for 
ammonia  adsorption  at  ambient  conditions  with  different  contents  of  water  in  the  system. 
Surface  characterization  before  and  after  exposure  to  ammonia  was  performed  using  X- 
ray  diffraction,  Fourier-transform  infrared  spectroscopy,  potentiometric  titration,  thermal 
analysis,  adsorption  of  nitrogen  and  X-ray  photoelectron  spectroscopy.  Oxidation  of  the 
same  porous  graphite  using  two  methods  results  in  the  materials  with  different  textural 
and  chemical  features.  On  GO  obtained  using  the  Brodie  method  mainly  epoxy  and 
carboxylic  groups  are  present  whereas  on  the  GO  obtained  using  Hummers  method 
chemisorbed  oxygen  is  also  found.  The  contribution  of  the  carboxylic  groups  in  latter 
material  is  greater.  It  also  contains  sulfur  either  in  sulfones  or  as  residual  sulfuric  acid. 
Ammonia  is  adsorbed  either  via  reaction  with  surface  groups  or  dissolution  in  water.  The 
former  is  responsible  for  strong  adsorption.  The  evidence  of  the  catalytic  effect  of  the 
carbon  surface  on  activation  of  oxygen  leading  to  surface  oxidation  was  also 
observed. 


3.  ADSORPTION  OF  AMMONIA  ON  GO  COMPOSITES 

Adsorbents  for  ammonia  were  prepared  by  modifications  of  graphite  oxide  with  two 
different  Keggin  polycations:  H3PW12O40  and  H3PM012O40.  The  high  acidity  of  those 
polyoxometalates  combined  with  the  functionalities  and  acidity  of  graphite  oxide 
are  expected  to  initiate  strong  interactions  with  NH3.  The  materials  were 
characterized  before  and  after  exposure  to  ammonia  by  X-ray  diffraction, 
transmission  electron  microscopy,  sorption  of  nitrogen,  potentiometric  titration, 
thermal  analyses  and  Fourier  transform  infrared  spectroscopy.  Even  though,  the 
nanocomposites  prepared  have  a  disordered  structure,  an  improvement  in 
ammonia  retention  compared  to  the  parent  graphite  oxide  was  observed  owing  to 
the  formation  of  complexes  between  ammonium  and  polycations.  It  was  found  that 
under  specific  conditions,  interactions  between  the  polycations  and  the  carboxylic 
groups  located  at  the  edges  of  graphite  oxide  limit  the  accessibility  of  the  interlayer 
space  and  thus  decrease  the  amount  of  ammonia  adsorbed. 

Graphite  oxide/aluminium-zirconium  polycation  composites  were  prepared  using 
graphite  oxide  and  commercial  solution  of  Rezal®.  To  improve  the  dispersion  of 
graphene-like  layers  two  different  surfactant  concentrations  were  used.  The 
resulting  materials  were  used  as  adsorbents  of  ammonia  either  in  as  received  form 
or  prehumidified  for  two  hours  before  the  breakthrough  test.  The  challenge  gas  was 
either  dry  or  with  70%  humidity.  Although  the  highest  amount  adsorbed  was 
measured  on  adsorbents  after  prehumidification,  the  strongest  adsorption  takes 
place  at  dry  conditions.  Water  on  the  surface  increases  the  amount  adsorbed  via 
acid-base  reactions,  whereas  water  in  the  challenge  gas  decreases  the  removal  of 
ammonia  owing  to  the  competition  with  NH3  for  adsorption  centers.  The  amount  of 


surfactant  used  for  dispersion  affects  the  final  performance.  More  surfactant  likely 
leads  to  a  higher  degree  of  dispersion  of  graphene  like  layers  and  thus  relatively  less 
undisturbed  inlerlayer  space  where  intercalation  of  ammonia  can  occur.  Higher 
dispersion  of  graphene  layers  lead  also  to  higher  dispersion  of  polycations  and  thus 
greater  adsorption  on  their  Brpnsted  acidic  centers. 


Graphite  oxide/Ali3  composites  were  prepared  using  graphite  oxide  and 
commercial  solution  of  Chlorhydrol®.  Although  surfactant  was  used  to  disperse  of 
graphene-like  layers,  they  were  restacked  together  upon  addition  of  AI13  Keggin 
polycations.  The  crust  of  inorganic  phase  was  deposited  on  the  outer  surface  of  GO 
platelets.  The  resulting  materials  were  used  as  adsorbents  of  ammonia  in  dry  or  wet 
conditions  either  in  an  as  received  form  or  prehumidified  for  two  hours  before  the 
breakthrough  test.  It  was  shown  that  water  in  the  system  decreases  the  amount 
adsorbed,  likely  as  a  result  of  the  competition  with  ammonia  for  adsorption  centers. 
The  highest  and  strongest  adsorption  was  found  in  the  dry  conditions  where 
interlayer  space  was  partially  available  and  the  acidic  centers  of  an  inorganic  phase 
played  an  enhancing  role  in  the  retention  of  ammonia. 


Graphite  oxide  (GO)  /  metal-organic  framework  (MOF-5)  nanocomposites  are 
synthesized  with  various  ratios  of  the  two  components.  In  developing  the  concept  of 
these  new  adsorbents,  it  was  expected  that  distorted  graphene  sheets  would 
contribute  to  the  enhancement  in  the  dispersive  interactions,  whereas  MOF-5 
component  would  contribute  to  the  expansion  of  the  pore  space  where  adsorbates 
could  be  stored.  Moreover,  taking  into  account  the  variety  of  transition  and  noble 
metals,  which  can  be  used  to  form  the  MOF  structure,  those  materials  have  a 
potential  to  provide  active  sites  for  reactive  adsorption  or  heterogeneous  catalysis. 
The  composites  have  a  unique  layered  sandwich-like  structure  where  GO  units 
divide  the  MOF-5  units.  A  possible  scenario  for  the  formation  of  such  structures  is 
the  involvement  of  linkages  between  epoxy  groups  of  distorted  graphene  layers  of 
GO  and  zinc  oxide  building  units  of  MOF-5.  An  increase  in  the  content  of  GO  leads  to 
a  greater  distortion  of  the  MOF-5  cubic  structure  and  visible  changes  in  the  texture 
of  nanocomposites.  The  materials  are  predominantly  microporous  with  sizes  of 
pores  defined  by  the  cavities  of  MOF-5  units.  Moreover,  specific  combination  and 
synergy  between  GO  and  MOF-5  units  also  result  in  the  formation  of  a  unique 
porosity  characteristic  of  the  nanocomposites. 


Metal-organic  framework  (MOF-5)/graphite  oxide  (GO)  composite  was  synthesized 
using  solvothermal  synthesis  route.  The  parent  materials  (MOF-5  and  GO)  and  the 
nanocomposite  were  characterized  using  X-ray  diffraction,  SEM,  TEM,  FTIR  and 
adsorption  of  nitrogen.  They  were  also  tested  as  adsorbents  of  ammonia  in  dynamic 
conditions.  The  composite  material  obtained  had  a  unique  layered  texture  with  a 


preserved  structure  of  MOF-5  and  GO.  When  tested  as  ammonia  adsorbent,  the 
composite  showed  some  synergy  enhancing  the  adsorption  capacity  in  comparison  with 
the  hypothetical  physical  mixture  of  the  components.  Although  the  removal  capacity  was 
high  in  the  presence  of  moisture,  water  had  a  detrimental  effect  on  the  chemistry  of 
materials  and  destroyed  their  porous  framework.  This  caused  that  ammonia  retained  on 
the  surface  was  progressively  desorbed  from  the  materials  when  the  samples  were  purged 
with  air. 

Composites  of  metal-organic  framework  (MOF-5)  and  graphite  oxide  (GO)  with 
different  ratios  of  the  two  components  were  prepared  and  tested  in  ammonia 
removal  under  dry  conditions.  The  parent  and  composites  materials  were 
characterized  before  and  after  exposure  to  ammonia  by  sorption  of  N2,  X-ray 
diffraction,  thermal  analyses  and  FT-1R  spectroscopy.  The  results  showed  a 
synergetic  effect  resulting  in  an  increase  in  the  ammonia  uptake  compared  to  the 
parent  materials.  It  is  linked  to  enhanced  dispersive  forces  in  the  pore  space  of  the 
composites.  Besides,  ammonia  interacts  with  zinc  oxide  tetrahedra  via  hydrogen 
bonding  and  is  intercalated  between  the  layers  of  graphite  oxide.  Retention  of  a 
large  quantity  of  ammonia  eventually  leads  to  a  collapse  of  the  structure  of  MOF-5  in 
the  composites.  The  effect  resembles  that  observed  when  MOF-5  is  exposed  to 
water.  Taking  into  account  the  similarity  of  ammonia  and  water  molecules,  it  is 
hypothesized  that  ammonia  causes  a  destruction  of  the  MOF-5  and  composite 
structure  as  a  result  of  its  hydrogen  bonding  with  the  zinc  oxide  clusters. 


4.  ADSORPTION  OF  N02  ON  CARBONS 

The  removal  of  NO2  on  urea-modified  and  heat-treated  wood-based  activated  carbon  was 
studied.  From  the  obtained  results  it  was  found  that  urea  modification  and  heat  treatment 
of  carbon,  especially  at  950°C,  has  a  positive  effect  on  NO?  adsorption  and  on  the 
retention  of  NO  (the  product  of  NO2  reduction  by  carbon).  The  presence  of  moisture  in 
the  system  enhances  the  removal  of  NO2  likely  by  the  formation  of  HNO2/HNO3  acid 
intermediates  inside  the  carbon  pores  and  the  subsequent  gradual  oxidation  of  the  carbon 
surface  by  these  acids.  On  the  other  hand,  the  presence  of  moisture  negatively  affects  the 
retention  of  NO.  An  increase  in  the  adsorption  of  NO?  and  in  the  retention  of  NO  was 
also  found  on  high-temperature-treated  carbon  without  urea  modification.  It  is  possible 
that  the  formation  of  supermicropores  and  active  centers  on  the  carbon  surface  during 
high  temperature  treatment  plays  a  significant  role  in  these  removal  processes.  The 
products  found  on  the  carbon  surface  after  NO2  adsorption/reduction/oxidation  were 
physisorbed  and  chemisorbed  NO2,  bidentate  and/or  bridging  nitrato  compounds  (- 
ONO2),  NO2’,  and  HNO3.  The  latter  one  was  found  only  in  moist  conditions. 


Interactions  of  NO2  and  NO  (the  product  of  NO2  reduction  by  carbon)  with  the 
biomass-based  carbonaceous  materials  with  silver  nanoparticles  deposited  on  the 
surface  were  studied.  The  surface  of  the  materials  was  characterized  using 
adsorption  of  nitrogen,  XRD,  SEM,  FTIR  and  TA.  The  results  showed  that  the  amount 


of  NO2  adsorbed,  its  conversion  to  NO,  and  the  amount  of  NO  released  from  the 
carbon  surface  depend  on  the  carbon’s  content  of  silver.  More  silver  results  in  a 
better  performance  of  the  adsorbent.  The  products  of  NO2  interaction  with  silver 
include  surface  chelates  such  as  Ag2-0-N0  or  Ag-02-N0.  Another  element,  active  in 
the  surface  reactions  with  NO2,  is  phosphorus.  Both  silver  and  phosphorus  species 
are  oxidized  by  NO2.  The  product  of  NO2  reduction,  NO,  is  either  retained  on  the 
carbon  surface  by  its  interactions  with  metallic  silver  or  it  is  further  reduced  to  N2O 
or  N2. 


5.  ADSORPTION  OF  N02  ON  GO  COMPOSITES 

Adsorption  of  NO2  and  the  retention  of  NO  (the  product  of  NO2  reduction  by  carbon) 
on  the  materials  prepared  from  iron  acetato  complex  and  its  mixture  with  graphite 
oxide  were  studied.  The  surface  of  the  materials  was  characterized  using  adsorption 
of  nitrogen,  XRD,  SEM,  FTIR  and  TA.  The  results  showed  that  the  development  of 
texture  and  porosity  along  with  formation  of  some  active  surface  species  on  the 
graphite  oxide/iron  composite  materials  leads  to  an  increase  in  NO2  adsorption.  An 
immediate  reduction  of  NO2  to  NO  by  carbon  was  noticed  for  all  samples  except  for 
the  one  that  contained  a  smallest  amount  of  carbon  in  a  mostly  oxidized  form.  The 
retention  of  NO  on  the  surface  of  the  materials  does  not  depend  on  their  structural 
characteristics.  Better  performance  is  found  for  the  materials  that  contain  active 
iron  species,  such  as  y-FeOOH  and  a-Fe203,  which  likely  react  with  NO  molecules 
forming  surface  nitrates. 


6.  ADSORPTION  OF  ARSINE  ON  CARBONS 

Two  carbons  with  different  contents  of  sulfur  were  prepared  and  oxidized  either  by 
heating  in  air  or  by  chemical  treatment.  The  samples  were  then  tested  as  adsorbents  of 
arsine  in  dynamic  conditions  at  room  temperature,  in  dry  conditions  and  in  the  presence 
of  moisture.  Chemical  and  structural  features  of  the  initial  and  arsine-exposed  materials 
were  analyzed  by  energy  dispersive  X-ray  spectroscopy,  X-Ray  diffraction,  Fourier 
transform  infrared  spectroscopy,  thermogravimetric  analyses,  sorption  of  nitrogen  and 
sorption  of  water.  It  was  found  that  oxygen  and  sulfur  containing  groups  participate  in 
arsine  oxidation  to  arsenic  tri-  and  pentoxide  and/or  in  the  formation  of  arsenic  sulfides. 
This  occurred  either  via  activation  of  oxygen  or  a  direct  involvement  of  these  groups  in 
reactions  with  arsine.  A  very  hydrophilic  surface  of  sulfur-containing  carbons,  which 
causes  the  presence  of  adsorbed  water,  even  at  dry  conditions,  enhances  arsine  removal. 
On  the  other  hand,  in  moist  conditions  water  totally  occupies  the  pore  system  blocking 
the  catalytic  action  of  the  surface  toward  oxidation,  which  leads  to  a  very  limited  or  nil 
capacity. 


Two  carbons  obtained  from  polymers  containing  no  ash  and  commercial  wood  based 
carbons,  as  received  and  modified  with  nitrogen,  were  tested  as  adsorbents  of  arsine  in 


dynamic  conditions  at  room  temperature.  The  chemical  and  structural  features  of  the 
initial  and  exhausted  carbons  were  analyzed  by  energy  dispersive  X-ray  spectroscopy,  X- 
ray  fluorescence  spectroscopy,  X-Ray  diffraction,  Fourier  transform  infrared 
spectroscopy,  thermogravimetric  analyses,  sorption  of  nitrogen  and  sorption  of  water.  It 
was  found  that  heteroatoms  present  on  the  surface  of  the  carbons  studied,  namely  oxygen, 
nitrogen  and  sulfur  catalyze  arsine  oxidation  mainly  to  arsenic  tri-  and  pentoxide  and/or 
in  the  formation  of  arsenic  sulfides.  When  the  surface  has  a  high  degree  of  hydrophilicity 
and  water  is  present  in  the  system  it  blocks  these  active  centers  resulting  in  the  negligible 
arsine  removal  capacity.  On  the  other  hand,  on  a  relatively  hydrophobic  surface  with 
active  nitrogen  species  arsine  is  adsorbed  and  oxidized  to  arsenic  oxide.  A  small  quantity 
of  adsorbed  water  converts  arsenic  oxide  to  arsenic  acid,  which  migrates  to  small  pores 
releasing  the  centers  for  further  adsorption  and  surface  reactions.  The  process  proceeds 
until  all  pores  are  filled/blocked,  disallowing  for  further  adsorption/reaction  of  arsine 
molecules. 


7.  ADSORPTION  OF  HCN  ON  CARBONS 

Two  activated  carbons  of  different  origins  were  modified  by  heating  at  950  °C  either  with 
or  without  previous  urea  impregnation.  The  treatment  causes  changes  in  surface 
chemistry  and  porosity.  The  materials  obtained  were  used  as  adsorbents  for  hydrogen 
cyanide  in  dry  air  at  ambient  conditions.  The  samples  before  and  after  adsorption  were 
characterized  using  nitrogen  adsorption,  potentiometric  titration,  elemental  analysis  and 
thermal  analysis.  On  selected  samples  extraction  was  carried  out  to  identify  surface 
reaction  products  soluble  in  alcohols.  The  results  indicated  differences  in  the  amount 
adsorbed  and  the  products  of  surface  reactions  on  specific  surface  features.  The  presence 
of  nitrogen  incorporated  in  the  carbon  matrix  leads  to  an  enhanced  performance  owing  to 
the  basic  environment  and  the  ability  of  the  surface  to  activate  oxygen.  These  lead  to 
complex  surface  reactions  in  which  the  derivatives  of  hydrogen  cyanide  form  oxamide, 
and  are  incorporated  in  the  carbon  matrix,  or  are  deposited  as  the  bulky  insoluble 
polymers  of  paracyanogen  on  the  surface.  The  reactions  mainly  occur  in  pores  with  sizes 

o 

between  10-20  A  where  the  functional  groups  can  be  present  and  HCN,  or  its  derivatives, 
and  water  can  take  part  in  the  reactions 


8.  ADSORPTION  OF  S02  ON  ZIRCONIUM  HYDROXIDE/GO  COMPOSITES 

Zirconium  hydroxide/graphene  composites  were  synthesized  from  zirconium 
chloride  and  graphite  oxide  with  the  content  of  graphene  component  between  5  and 
50  %.  They  were  used  as  adsorbents  of  sulfur  dioxide  at  ambient  conditions.  The 
initial  and  exhausted  materials  were  characterized  using  adsorption  of  nitrogen, 
infrared  spectroscopy,  potentiometric  titration,  scanning  electron  microscopy  and 
thermal  analysis.  The  results  indicated  enhanced  adsorption  of  S02  on  the 
composites,  which  is  linked  to  the  formation  of  new  basic  sites  and  porosity  as  a 
result  of  interactions  between  zirconium  hydroxide  units  and  the  oxygen  groups 
attached  to  the  graphene  layers.  Both  physical  adsorption  and  reactive  adsorption  of 


S02  via  formation  of  sulfites  play  a  role  in  the  retention  process.  The  graphene 
component  catalyses  oxidation  of  S02  and  leads  to  the  formation  of  sulfates. 


